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ABSTRACT 
From a d e t a i l e d  s t u d y  of t h e  momentum t r a n s p o r t  
e q u a t i o n  f o r  charged  gaseogs  f l u i d s  moving th rough  a 
n e u t r a l  g a s ,  i t  is sugges t ed  t h a t  t h e  e q u a t o r i a l  F 
r e g i o n  e l e c t r o n  d e n s i t y  d i s t r i b u t i o n  ( t h e  geomagnetic 
anomaly) is s imply t h e  n a t u r a l  s t e a d y  s ta te  d i s t r i b u t i o n  
one would Expect f o r  charged  f l u i d s  under  t h e  i n f l u e n c e  
of g r a v i t a t i o n a l ,  e l ec t r i c ,  and magnet ic  f i e l d s  and 
p r o d u c t i o n  and l o s s ,  when i n t e r a c t i o n  w i t h  t h e  n e u t r a l  
medium is n e g l i g i b l e .  I t  i s  shown t h a t  t h i s  s t e a d y  
s ta te  d i s t r i b u t i o n  m a i n t a i n s  i t s e l f  by means of a 
l o n g i t u d i n a l  c u r r e n t  s y s t e m ,  and a s t u d y  of t h e  
p r o p e r t i e s  of t h i s  l o n g i t u d i n a l  c u r r e n t  system l e a d s  
t o  a t e c h n i q u e  f o r  i t s  complete mapping i n  t h e  upper  
F r e g i o n  of  t h e  ionosphe re .  Q u i t e  i m p o r t a n t l y ,  it is 
shown t h a t  t h e  l a t i t u d i n a l  e l e c t r o n  d e n s i t y  d i s t r i b u t i o n  
t h a t  c h a r a c t e r i z e s  t h e  e q u a t o r i a l  anomaly canno t  e x i s t  
when t h e  l o n g i t u d i n a l  c u r r e n t  system is a b s e n t .  
The s t u d y  of  t h e  l o n g i t u d i n a l  c u r r e n t  system a l s o  
d e m o n s t r a t e s  t h e  p o s s i b i l i t y  of  l a r g e  e r r o r s  i n  
t e m p e r a t u r e  c a l c u l a t i o n s  which make use  of v e r t i c a l  
d e n s i t y  s l o p e  measurements t o  de t e rmine  scale h e i g h t ,  
and a t e c h n i q u e  is s u g g e s t e d  t o  c o r r e c t  such c a l c u l a t i o n s .  
F i n a l l y ,  u s i n g  c i t e d  measurements f o r  s u p p o r t ,  i t  is  
p o s s i b l e  t o  s u g g e s t  t h e  mechanisms r e s p o n s i b l e  f o r  t h e  
d i u r n a l  and a s y m m e t r i c  behavior  of t h e  anomaly. 
THE EQUATORIAL GEOMAGNETIC ANOMALY AND ITS ASSOCIATED 
CURRENT SYSTEM 
by 
Richard A. Goldberg 
INTRODUCTION 
The e x p r e s s i o n  "geomagnetic anomaly" r e f e r s  t o  t h e  observed  
geomagnet ica l ly  c o n t r o l l e d  d i s t r i b u t i o n  of e l e c t r o n s  i n  t h e  
e q u a t o r i a l  F r e g i o n  of t h e  ionosphere.  Its p r o p e r t i e s  have been 
s t u d i e d  by means of c r i t i ca l  f requency ,  foF2 (Appleton, 1946; 
R a s t o g i ,  1959; Rao, 1963; Lyon and Thomas, 1963; Rao and M a l t h o t r a ,  
1964);  by means of  t h e  h e i g h t  of t h e  F2 l a y e r ,  hmF2 (Thomas, 1962) ;  
by means of c o n s t a n t  h e i g h t  p r o f i l e s  u s i n g  ground-based sounder s  
( C r o o m ,  Robbins,  and Thomas, 1959 and 1960);  and by means of 
A loue t t e  Topside Sounder measurements (King e t  a l .  , 1963; Lockwood 
and N e l m s ,  1964) .  The p r o p e r t i e s  of  t h i s  phenomenon are t h e r e f o r e ,  
r easonab ly  w e l l  known and w i l l  not be reviewed h e r e .  
Many r e c e n t  papers  have t h e o r e t i c a l l y  i n v e s t i g a t e d  d i f f e r e n t  
aspects of t h e  geomagnetic anomaly making use  of t h e  s t e a d y  s t a t e  
c o n t i n u i t y  e q u a t i o n  f o r  electrons i n  t h e  ionosphere  w i t h  l i m i t e d  
d e g r e e s  of s u c c e s s  (Kendal l ,  1963; R i shbe th ,  Lyon, P e a r t ,  1963; 
B a x t e r ,  1964; Bramley and P e a r t ,  1964; Moffet and Hanson, 1965) .  
Some of t h i s  work is based on  i d e a s  concern ing  e lec t rodynamic  
d r i f t  p r e s e n t e d  much ea r l i e r  by Martyn (1947) ,  and has  t h e  u l t i m a t e  
a i m  of  comple te ly  d e s c r i b i n g  t h e  e x p l i c i t  causes  of t h e  geo- 
magnet ic  anomaly. Unfo r tuna te ly ,  it is clear t h a t  approaches 
which a t t e m p t  t o  i n v e s t i g a t e  t h e  anomaly i n  t h i s  manner are 
ex t r eme ly  d i f f i c u l t  because of t h e  many unknown q u a n t i t i e s  which 
must be i n c l u d e d ,  and hence t h e  l a c k  of complete s u c c e s s  a t  t h i s  
t i m e .  
On t h e  o t h e r  hand, Goldberg, Kendall  and Schmerling (1964) 
and Chandra and Goldberg (1964) have s t u d i e d  t h e  i so the rma l  s t e a d y  
s t a t e  t r a n s p o r t  e q u a t i o n s  f o r  charged f l u i d s  moving i n  a n e u t r a l  
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medium ( t h e  advantage  h e r e  be ing  t h a t  e x p l i c i t  c a u s e s  need n o t  
be known) and found t h a t  t h e y  g e n e r a t e ,  w i t h  t h e  a p p r o p r i a t e  
boundary c o n d i t i o n s ,  a c c u r a t e  r e p r e s e n t a t i o n s  of t h e  t o p s i d e  
geomagnet ic  anomaly as measured by K i n g  e t  a l . ,  (1963) .  T h i s  
semiphenomenological approach h a s  a l s o  been s u c c e s s f u l  li? t h e  
upper  bot tomside  F r e g i o n  when t h e  i s o t h e r m a l  r e s t r i c t i o n  is 
l i f t e d  (Goldberg,  1965) .  
I n  t h i s  work we now i n v e s t i g a t e  t h e  momentum t r a n s p o r t  
e q u a t i o n s  i n  f u r t h e r  d e t a i l  t o  demonst ra te  t h a t  t h e  geomagnetic 
anomaly appea r s  t o  be n o t h i n g  more t h a n  t h e  n a t u r a l  s t e a d y  s t a t e  
d i s t r i b u t i o n  of e l e c t r o n s  under  t h e  i n f l u e n c e  of  p roduc t ion  and 
loss  i n  t h e  e a r t h ' s  magnet ic  and g r a v i t a t i o n a l  f i e l d s  i n  a 
r e g i o n  where t h e i r  c o l l i s i o n s  w i t h  n e u t r a l  p a r t i c l e s  a r e  r e l a t i v e -  
l y  s m a l l  i n  number, T h i s  i n t e r p r e t a t i o n  a l s o  l e a d s  t o  p l a u s i b l e  
s u g g e s t i o n s  f o r  t h e  c a u s e s  of t h e  s o l s t i c e  asymmetry and t h e  
d i u r n a l  behav io r  of t h e  anomaly. 
a t i o n )  requi rements  demand t h e  e x i s t e n c e  of  a l o n g i t u d i n a l  c u r r e n t  
sys tem which no t  o n l y  produces t h e  l a t i t u d i n a l  d i s t r i b u t i o n  of 
t h e  anomaly b u t  a l so  creates a t o p s i d e  v e r t i c a l  d i s t r i b u t i o n  
d i f f e r e n t  from a s imple  d i f f u s i v e  e q u i l i b r i u m  shape .  T h i s  makes 
d e r i v a t i o n s  of e l e c t r o n  t empera tu re  from t h e  a l t i t u d e  p r o f i l e s  
of e lectron d e n s i t y  dubious i n  r e g i o n s  where l a t i t u d i n a l  d e n s i t y  
g r a d i e n t s  e x i s t .  A method w i l l  be s u g g e s t e d  for c o r r e c t i n g  t h e s e  
measurements when i n f o r m a t i o n  is a v a i l a b l e  c o n c e r n i n g  t h e  l a t i t u d i n a l  
g r a d i e n t  of e l e c t r o n  d e n s i t y  i n  t h e  s a m e  r e g i o n  where t e m p e r a t u r e  
is b e i n g  measured from v e r t i c a l  d e n s i t y  s l o p e s .  
t h e  fundamental  d e r i v a t i o n  of t h e  g e n e r a l  e q u a t i o n s  used  i n  o r d e r  
t o  s o l i d i f y  t h e  p h y s i c a l  i n t e r p r e t a t i o n s  and i m p l i c a t i o n s  of  t h e  
t h e o r y  involved .  T h i s  is deemed n e c e s s a r y  s i n c e  w e  f e e l  t h a t  
some of t h e  c u r r e n t  work i n  t h i s  f i e l d  h a s  l o s t  s i g h t  of t h e  
The a n a l y s i s  w i l l  demonst ra te  t h a t  s t e a d y  s t a t e  (no acceler- 
In  e x e c u t i n g  t h e  above a n a l y s i s ,  w e  w i l l  f i rs t  i n v e s t i g a t e  
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* 
c o r r e c t  p h y s i c a l  i n t e r p r e t a t i o n s  of t h e  e q u a t i o n s .  
THEORETICAL DEVELOPMENT 
A s  first proposed by Johnson (1951) and SchlG'ter Q1951) ,  
and l a t e r  r e p e a t e d  by Chandra (19641,  t h e  g e n e r a l  e q u a t i o n  of 
motion of a m u l t i p l e  component gas under  t h e  a c t i o n  of e x t e r n a l  
forces may be w r i t t e n  a s  
1 .  
where t h e  s u f f i x e s  s ,  k s t a n d  for par t i c l e  t y p e  and 
4 
v = macroscopic  v e l o c i t y  
S 
= d e n s i t y  p ,  
+ 
= p r e s s u r e  t e n s o r  




m = m a s s  
5; 
= c o l l i s i o n  frequency between th.e sth and kth p a r t i c l e  s k  v 
The l a s t  t e r m  on  t h e  r ight-hand s i d e  of (1)  r e p r e s e n t s  c o l l i s i o n s ,  
which are assumed t o  be e l a s t i c  and t w o  body, and may be though t  
of as  a f r i c t i o n a l  drag t e r m .  The first t e r m  on the r igh t -hand 
side of (1)  is t h e  c o n c e n t r a t i o n  f o r c e  t e r m ,  and i s  t h e  e x c l u s i v e  
c a u s e  of d i f f u s i v e  mot ions .  
The l e f t - h a n d  side of (1)  is  t h e  t o t a l  t i m e  d e r i v a t i v e  o f  
v e l o c i t y  and  t h u s  r e p r e s e n t s  t h e  Newtonian a c c e l e r a t i o n  of t h e  
g a s e o u s  f l u i d s .  Because  t h e  neg lec t  of these  t e r m s  is almost 
a lways  assumed w h e ~  s t u d y i n g  t r a n s p o r t  problems i n  t h e  ionosphere  
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w i t h  r ea sonab le  d e g r e e s  of s u c c e s s ,  and because t h i s  n e g l e c t  
p e r m i t s  l i n e a r i z a t i o n  of t h e  t r a n s p o r t  e q u a t i o n s ,  w e  w i l l  
m a i n t a i n  t h i s  approach i n  t h e  work which f o l l o w s .  
4 
The f o r c e  t e r m  Fs r e p r e s e n t s  alP p o s s i b l e  f o r c e s  i n c l u d i n g  
e l ec t rodynamic ,  e l e c t r o s t a t i c ,  g r a v i t a t i o n a l ,  c e a t r i f u g a l ,  
C o r i o l i s ,  t i d a l ,  e tc .  
e x t e r n a l  s i n c e  t h e  e l e c t r o s t a t i c  f o r c e s  a r i s e  from e lec t r ic  f i e l d s  
of b o t h  e x t e r n a l  and i n t e r n a l  o r i g i n .  S i n c e  a l l  c o n c e i v a b l e  
f o r c e s  are i n c l u d e d  i n  ( X P ,  t h e  v e l o c i t y  v r e p r e s e n t s  t h e  e n t i r e  
macroscopic  v e l o c i t y  of t h e  skh t y p e  p a r t i c l e  f l u i d .  
is emphasized s i n c e  i t  seems t o  be ignored  i n  many p a p e r s  d e a l i n g  
w i t h  t h e  F r eg ion  d i f f u s i o n  problem. 
4 
W e  shou ld  n o t e  t h a t  Fs is  n o t  p u r e l y  
4 
s 
'This p o i n t  
The p r e s s u r e  t e n s o r  w i l l  be treated a s  an  i s o t r o p i c  scalar  
by n e g l e c t i n g  t h e  o f f - d i a g o n a l  v i s c o s i t y  e l emen t s  i n  t h e  t e n s o r ;  
c . f . Chandra (1964) . 
F i n a l l y ,  i n  t h e  e q u a t o r i a l  F r e g i o n  of t h e  i o n o s p h e r e ,  w e  
n e g l e c t  t i t a l ,  Coriol is ,  and c e n t r i f u g a l  f o r c e s  a s  a f irst  order  
approximat ion ,  l e a v i n g  u s  w i t h  t h e  f o l l o w i n g  e q u a t i o n s  of mo-&ion 
f o r  e l e c t r o n  and i o n  f l u i d s  p a s s i n g  th rough  a n e u t r a l  gas:  
e e i v  n m m  - + +  e e n v  4 +  n m m  
me+m n +m e n  ( V e - V n )  + e i  i e n  
4 + 4 
= - ope + nemeg - ene(E + ve x Ti) 
n . m . m  4 4  4 - i  n m . m  
m +m m . + m  
e i e  v (Vi-vn) 
i n  V e l  + e i  i n  
4 A A 4 - -  V p i  + n .m.g  + e n  (E + V i  X B )  1 1  i 
s i n c e  
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n "jk n j  = kj k 
I n  e q u a t i o n s  (2)  and ( 3 ) ,  t h e  s u b s c r i p t s  e ,  i ,  and n refer t o  
f i e l d  caused  by both e x t e r n a l  and i n t e r n a l  s o u r c e s ;  vs X "B is t h e  
e l ec t rodynamic  f o r c e  where B is magnetic f i e l d ;  and w e  have made 
use  of 
4 
. e l e c t r o n s ,  i o n s ,  and n e u t r a l s ,  r e s p e c t i v e l y ;  E is t h e  electric 
4 
4 
= n  m os s s  
where n i s  number d e n s i t y .  I t  is a l s o  p o s s i b l e  t o  w r i t e  a 
s i m i l a r  e q u a t i o n  of motion f o r  t h e  n e u t r a l  p a r t i c l e  f l o w  bu t  t h i s  
is n o t  needed here. 
S 
I n  (2)  and (3), w e  now assume t h a t  
n = n  = N  e i 
and s i n c e  
m < < m  m e i' n 
summation of (2)  and ( 3 )  g i v e s  
4 4  
N m . m  
i n  
4 4  
N me veri (ve-vn) + m . + m  v i n  (Vi-vn)  
= -v (Pe + p i ) + ~ m i g + J x B  
+ 
where J is t h e  c u r r e n t  d e n s i t y  de f ined  by 
(4 )  
(5) 
J = N e  (vi-ve) 
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Equat ion (8) assumes only  o x  t y p e  of i o n i z a b l e  c o n s t i t u e n t .  
However, t h i s  is n o t  a s e r i o u s  l i m i t a t i o n  s i n c e  t h e  r e s u l t s  which 
f o l l o w  can  e a s i l y  be extended t o  i o n o s p h e r i c  r e g i o n s  c o n t a i n i n g  
m u l t i p l e  i o n i z a b l e  c o n s t i t d e n t s ,  Fur thermore ,  t h e  F r eg ion  i e  
u s u a l l y  s t r o n g l y  domisat?d by 0' i o n s  and the assumption is  q u i t e  
a p p l i c a b l e  i n  t h i s  r e g i o n  a t  most t i m e s .  
d 
We note  a g a i n  t h a t  t h e  v e l o c i t i e s  ;e and v i  i n  (8) are t h e  
t o t a l  macroscopic v e l o c i t i e s  of t h e  i o n  and e l e c t r o n  f l u i d s .  
Although t h e  e l e c t r i c  f i e l d  E h a s  been ePimina.8;ed e x p l i c i t l y  - i n
(81, t h i s  h a s  n o t  removed i ts  c o n t r i b u t i o n  t o  t h e  g e n e r a l  b e h a v i o r  I 
of v, and v i '  e . g .  ~ I e c t r o d y n a m i c  d r i f t s .  N ~ t e  a.lso +,hat e l e c t r o n  
i o n  resistance terms have been e l i m i n a t e d  e x p l i c i t l y  e 
-4 
- 
-- I + 4 
u 
We now n e g l e c t  t h e  remaining r e s i s t a n c e  terms i n  (8) by 
assuming t h a t  w e  are s u f f i c i e n t l y  h i g h  i n  t h e  ionosphere  for 
v and v t y p e  c o l l i s i o n s  to be n e g l i g i b l e  and t h e r e b y  remove 
t h e  e f f e c t  of r e s i s t a n c e  between charged  and n e u t r a l  p a r t i c l e  
f l u i d s .  The v a l i d i t y  of t h i s  assumption is j u s t i f i e d  a t  a l t i t u d e s  
above t h e  F2 maximum a t  t h e  e q u a t o r ,  and may even  be j u s t i f i e d  a t  
lower a l t i t u d e s ,  c.f. Goldberg (1965) .  
e n  i n  
We can  t h e n  w r i t e  
-L + 4 
-V(pe+pi) + N mi g + J X B M 0 
Next, w e  assume t h e  ideal  g a s  l a w  
p, = n k Ts s 
and fo l lowing  Goldberg (1965) ,  l e t  
Te+Ti 
T=2 
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I Then w e  can w r i t e  (10) a s  
- 0  - - - -  ON 8 7  + ~ x B  - - -  r 
2HT 
N T  2k7 
. where 2 is a u n i t  v e c t o r  i n  t h e  radial  d i r e c t i o n  and 3 is a r 
v e l o c i t y  d i f f e r e n c e  t e r m  d e f i n e d  by 
Equat ion  (14) is t h e  g e n e r a l  steady s ta te  d e s c r i p t i o n  of  
t h e  e l e c t r o n  and i o n  d e n s i t i e s  under c o l l i s i o n - w i t h - n e u t r a l  f r e e  
c o n d i t i o n s  and under  t h e  i n f l u e n c e  of electric,  magnet ic ,  and 
g r a v i t a t i o n a l  f i e l d s  (by s t e a d y  state,  w e  mean dvs/dt = 0) .  
P r e v i o u s l y ,  (15) h a s  been i n t e g r a t e d  a long  a f i e l d  l i n e ,  u s i n g  
t h e  v e r t i c a l  p r o f i l e  of d e n s i t y  a t  t h e  e q u a t o r  as  a boundary 
c o n d i t i o n ,  t o  provide  a g e n e r a l  d e s c r i p t i o n  of t h e  t o p s i d e  
e q u a t o r i a l  geomagnetic anomaly under i so the rma l  (Goldberg,  Kendall  
and Schmerl ing,  1964; Chandra and Goldberg, 1964; Bax te r  and 
The r e s u l t s  o b t a i n e d  have agreed  e x c e l l e n t l y  w i t h  t h e  t o p s i d e  
and foF2 p r o p e r t i e s  of t h e  midday e q u i n o c t i a l  anomaly (Appleton,  
1946; Croom, Robbins,  and Thomas, 1959; King e t  a l . ,  1963; Lockwood 
and N e l m s ,  1964) and t h e  i n c l u s i o n  of a rea l i s t ic  v a r i a b l e  e l e c t r o n  
t e m p e r a t u r e  has  l e a d  t o  an  improved d e s c r i p t i o n  of t h e  o b s e r v a t i o n s  
i n c l u d i n g  a p a r t i a l  e x p l a n a t i o n  of the observed f i n e  s t r u c t u r e .  
4 
I Kenda l l ,  1965) and non-isothermal c o n d i t i o n s  (Goldberg,  1965) .  
The convenience of i n t e g r a t i n g  a long  a f i e l d  l i n e  is rather 
obv ious .  It a l l o w s  u s  t o  i n v e s t i g a t e  t h e  behavior  of N wi thout  
any knowledge of j , i .e .  if w e  take t h e  component of  (14) a long  
l i n e ,  w e  o b t a i n  
.-) 
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4 + 
where h is  a u n i t  v e c t o r  a l o n g  B.  S ince  (16) is independent  of  
j ,  i t  can  be i n t e g r a t e d  y i e l d i n g  
4 
where 0 is magnet ic  c o l a t i t u d e .  Here t h e  i n t e g r a t i o n  must be 
c a r r i e d  o u t  a l o n g  a f i e l d  line t h a t  h a s  a n  i n t e r s e c t i o n  w i t h  t h e  
e q u a t o r i a l  normal a t  r a i . e . ,  for a d i p o l e ,  
0' 
2 r = r csc 0 
0 
A s  prev ious ly  s t a t e d ,  e v a l u a t i o n  of  (17) r e q u i r e s  a knowledge 
of N ( r o ) ,  t h e  v e r t i c a l  e l e c t r o n  d e n s i t y  d i s t r i b u t i o n  a t  t h e  e q u a t o r ,  
t h u s  making t h e  t h e o r y  semiphenomenological.  Fu r the rmore ,  it 
p rov ides  u s  wi th  no knowledge conce rn ing  j .  In  t h e  n e x t  s e c t i o n ,  
w e  s h a l l  i n v e s t i g a t e  t h e  behav io r  of j i t s e l f  s i n c e  a knowledge of 
j a l l o w s  u s  a more u s e f u l  t o o l  i n  i n t e r p r e t i n g  and c a l c u l a t i n g  
p r o p e r t i e s  of t h e  anomaly. 




In  t h e  p rev ious  s e c t i o n ,  w e  reviewed t h e  p r o p e r t i e s  of N 
which can  be o b t a i n e d  by c o n s i d e r i n g  a s i n g l e  component (h)  of t h e  
g e n e r a l  s t eady  s t a t e  e q u a t i o n  (14) for a n  e l e c t r o n - i o n  plasma 
f lowing  i n  a n e u t r a l  g a s .  T h i s  leaves u s  w i t h  two more components 
from which t o  o b t a i n  a d d i t i o a a l  i n f o r m a t i o n .  We now w r i t e  (14) i n  
t h e  three s p h e r i c a l  p o l a r  c o o r d i n a t e  components a s  
4 
(j x B )  
@ = o  + 1 a N  - 1 - N r  s i n 0  T r  s i n 0  3 2mig HT 
4 
I n  t h e  a n a l y s i s  which f o l l o w s ,  w e  t reat  B as  a pure  d i p o l e  f i e l d  
having  its n o r t h  p o l e  i n  t h e  geographic  s o u t h e r n  hemisphere.  
Fur thermore ,  w e  assume t h a t  j is  s u f f i c i e n t l y  s m a l l  t o  allow 





p e r m e a b i l i t y  of f ree  space .  S u b s t i t u t i o n  of (22) i n t o  ( 1 9 ) ,  (ZO), 
is t h e  permanent. d i p o l e  moment of B and po is t h e  magnet ic  
P 
and (21)  p r o v i d e s  
1 POMP s i n 0  
8n H m.g 7 j, = O + - -  - - + - -  1 a N  1 a 7  N a r  T a r  ZH 
7 7 1  
- 10 - 
The advantage of w r i t i n g  (14) i n  t h e  component form g iven  by 
(23) , (24) and (25) is i m m e d i a t e l y  appa ren t  We f i n d  t h a t  t h e  
s p e c i a l  two d imens iona l  n a t u r e  of t h e  d i p o l e  f i e l d  p r o v i d e s  u s  
w i t h  two independent  e q u a t i s r , s ,  (23) and (241,  f o r  t h e  l o n g i t u d i n a l  
component of i o n - e l e c t r o n  v e l o c i t y  d i f f e r e n c e  j T h i s  w i l l  e n a b l e  
u s  t o  o b t a i n  v a l u a b l e  in fo rma t ion  conce rn ing  j 
N i n  t h e  fo l lowing  d i s c u s s i o n s .  
@ 
and hence H7 and 
@ 
For t h e  moment, B e L  US c o c c e n t r a t e  on ( 2 5 ) .  We res t r ic t  
o u r s e l v e s  t o  midday (or m i d d l e  o f  t h e  n ight ; )  per iods when a lnNT/a@ 
can  be cons ide red  c e g l i g i b l e .  We then o b t a i n  
j r  = j, t a n  I (26) 
where I is  t h e  d i p  a n g l e  of t h e  magnet ic  f i e l d  and w e  have employed 
t h e  d i p  ang le  c o n d i t i o n  
t a n  I = 2 cot e 
We obse rve  t h a t  u n l e s s  j becomes i n f i n i t e  a t  t h e  e q u a t o r  (a 
p h y s i c a l l y  u n r e a l i z a b l e  s i t u a t i o n )  , j must become zero there and 
e l e c t r o n s  w i l l  n o t  be a b l e  t o  s e p a r a t e  from ioris v e r t i c a l l y  i n  
t h i s  reg ion .  T h i s  is t h e  o n l y  i n f o r m a t i o n  o b t a i n a b l e  conce rn ing  
0 
and j wi thout  f u r t h e r  a s sumpt ions ,  b u t  f o r t u n a t e l y ,  n e i t h e r  Jr e 
of these v a r i a b l e s  appear  i n  (23) o r  ( 2 4 ) ,  t h e  e x p r e s s i o n s  
govern ing  t h e  d i s t r i b u t i o n  of N i n  the ( r ,  8 )  p l a n e .  
Having exhaus ted  t h e  i n f o r m a t i o n  a v a i l a b l e  i n  (25 ) ,  l e t  u s  
r e t u r n  t o  (23) a n d  (241,  d e v o t i n g  t h e  remainder  of t h i s  s e e t i a n  
t o  j W e  f i r s t  n o t e  t h a t  combina t ion  of these t w o  e q u a t i o n s  
w i t h  t h e  e l i m i n a t i o n  of j s i m p l y  p roduces  t h e  charac te r i s t ic  
form o b t a i n e d  w i t h  ( 1 6 ) ,  t h e r e b y  p r o v i d i n g  no new i n f o r m a t i o n .  
We a l s o  note  t h a t  j is a c o u p l i n g  pa rame te r  between t h e  
@ 
@ 
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h o r i z o n t a l  and v e r t i c a l  g r a d i e n t s  of d e n s i t y  (and t e m p e r a t u r e ) .  
For  t h e  s p e c i a l  case 
= o  
J @  
w e  f i n d  t h a t  t h e  d e n s i t y  d i s t r i b u t i o n  is h o r i z o n t a l l y  s t r a t i f i e d  
and has  t h e  v e r t i c a l  h y d r o s t a t i c  d i s t r i b u t i o n  of e x p o n e n t i a l  
decay w i t h  he ight ,  provided t h a t  we n e g l e c t  g r a d i e n t s  i n  t empera tu re  
compared t o  g r a d i e n t s  i n  d e n s i t y  ( t h i s  is q u i t e  v a l i d  i n  t h e  
t o p s i d e  F r e g i o n ) .  T h i s  is  poss ib ly  what one might observe  above 
h e i g h t s  where t h e  geomagnetic anomaly is  known t o  o c c u r .  
t u d i n a l  d i s t r i b u t i o n  (x a N )  which r e q u i r e s  t h e  e x i s t e n c e  of a 
f r o m  ( 2 4 ) .  From (23), w e  see t h a t  t h i s  s imul taneous ly  a l ters  
t h e  v e r t i c a l  d i s t r i b u t i o n  (R -) f r o m  t h e  s imple  e x p o n e n t i a l  decay 
f o r m  w e  would o b t a i n  when (28) is  sa t i s f ied .  W e  c a n  a l so  see t h i s  
as fo l lews:  The s o l s t i e n  of ( 2 3 )  is 
In  t h e  t o p s i d e  anomaly r e g i o n ,  w e  observe  a non-zero l a t i -  
J @  1 a N  
- -  
where F1 is  a n  a r b i t r a r y  f u n c t i o n  and t h e  e x p l i c i t  dependence of 
N on 7 d i s a p p e a r s  if T is a cons t an t  because t h e  r e g i o n  concerned 
is isothermal .  If w e  e v a l u a t e  (29) a t  t h e  e q u a t o r ,  n e g l e c t i n g  @ 
dependence fo r  s i m p l i c i t y ,  w e  o b t a i n  
Thus,  t he  v e r t i c a l  d i s t r i b u t i o n  at t h e  e q u a t o r  is t h e  s imple  
e x p o n e n t i a l  decay l a w  pe r tu rbed  by a t e r m  c o n t a i n i n g  j I n  t h e  
@ *  
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must have s u f f i c i e n t  i n f l u e n c e  t o  d i s t o r t  J @  
r e g i o n  of t h e  F2 peak ,  
t h e  d i s t r i b u t i o n  i n t o  t h e  r e q u i r e d  s h a p e .  
The phys ic s  invo lved  can  be thought  of a s  f o l l o w s :  S i n c e  
t h e  s t e a d y  s t a t e  t r a n s p o r t  e q u a t i o n s  d e s c r i b e  t h e  geomagnetic 
anomaly, t h e  anomaly is simply t h e  n a t u r a l  s t e a d y  s t a t e  d i s t r i b u t i o n  
of t h e  e l e c t r o n  d e n s i t y  t o  be expec ted  i n  a g r a v i t a t i o n a l  f i e l d  
unde r  t h e  i n f l u e n c e  of a d i p o l e  magnet ic  f i e l d  and t h e  e f f e c t s  
of p roduc t ion  and l o s s .  P roduc t ion  aad  lo s s  i n f l u e n c e  t h e  
d i s t r i b u t i o n  by c o n t r i b u t i n g  t o  t h e  e x i s t e n c e  of t h e  F2 peak ,  
T h i s  i n  con junc t ion  w i t h  t h e  geomagnet ic  f i e l d  r e q u i r e s  a 
l o n g i t u d i n a l  c u r r e n t  s y s t e m ,  necessa ry  t o  p r e s e r v e  t h e  v e r t i c a l  
d i s t r i b u t i o n  f o r c e d  by p r o d u c t i o n ,  l o s s ,  and t r a n s p o r t  combined. 
However, t h e  e x i s t e n c e  of a l o n g i t u d i n a l  c u r r e n t  s y s t e m  i n  t h e  
geomagnetic f i e l d  s i m u l t a n e o u s l y  r e q u i r e s  t h e  l a t i t u d i n a l  
d i s t r i b u t i o n  of e l e c t r o n  d e n s i t y  known as  t h e  anomaly. The 
l a t i t u d i n a l  peaks of t h e  anomaly have s p e c i a l  s i g n i f i c a n c e  a l s o ,  
a s  w i l l  become e v i d e n t  from t h e  a n a l y s i s  i n  t h e  n e x t  s e c t i o n .  
Experimental  ev idence  i n d i c a t i n g  t h e  s t a b i l i t y  of t h e  anomaly 
been g iven  i n  s t u d i e s  of foF2 by ( R a s t o g i ,  1959; Lyon and h a s  
Thomas, 1963; Rao and M a l t h o t r a ,  1964) .  We f i n d  t h a t  t h e  anomaly 
forms a t  about 8:OO t o  1 O : O O  am l o c a l  t i m e ,  depending on m e r i d i a n ,  
and t h e n  p r e s e r v e s  i ts  shape and ampl i tude  th roughou t  t h e  day .  
Af t e r  d a r k ,  t h e  peaks remain r e l a t i v e l y  s t a b l e  i n  l a t i t u d i n a l  
p o s i t i o n  but decay i n  ampl i tude .  A s  morning p r o g r e s s e s ,  t h e  
decay reaches comple t ion  and t h e  s u n  b e g i n s  t o  a p p e a r .  T h i s  
creates a non-steady s t a t e  d i s t r i b u t i o n  whieh masks any e f fec ts  
a s s o c i a t e d  w i t h  t h e  anomaly. F i n a l l y ,  as  t r a n s i e n t s  d i s a p p e a r  
and t h e  s t eady  s t a t e  r e a p p e a r s ,  t h e  anomaly once a g a i n  forms a s  
t h e  n a t u r a l  s t e a d y  s t a t e  d i s t r i b u t i o n .  Such e m p i r i c a l  s t u d i e s  
demonst ra te  t h a t  t h e  anomaly i s ,  a s  i n d i c a t e d  h e r e  t h e o r e t i c a l l y ,  
t h e  n a t u r a l  d i s t r i b u t i o n  of  e l e c t r o n s  and  i o n s ,  one  which 
d i s a p p e a r s  on ly  when t r a n s i e n t s  i n  t h e  d i s t r i b u t i o n  caused  by 
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s u n r i s e  t empora r i ly  remove s t e a d y  s ta te  c o n d i t i o n s  and mask t h e  
v i s i b l e  anomaly. 
W e  have shown a t  t h i s  p o i n t  t h a t  t h e  d e n s i t y  i n  t h e  ( r , e )  
@ 
p lane  cannot  be a f f e c t e d  by c u r r e n t s  j 
the  p e r p e n d i c u l a r  component of v e l o c i t y  i n  t h e  c o n t i n u i t y  e q u a t i o n  
are incapab le  of g e n e r a t i n g  t h e  anomaly. 
b u t i o n  of e l e c t r o n  d e n s i t y  is no t  i n f luenced  by scale he ight  (and 
t h u s  t empera tu re )  a l o n e .  W e  f i n d  t h a t  t h e  s imple  scale he ight  
s l o p e  is d i s t o r t e d  by a t e r m  c o n t a i n i n g  j A s imple  o r d e r  of 
magnitude c a l c u l a t i o n  shows t h a t  a v e l o c i t y  s e p a r a t i o n  of e l e c t r o n s  
and i o n s  (vi-ve) of on ly  3 or 4 cm/sec is s u f f i c i e n t  t o  e i ther  
c a n c e l  (j p o s i t i v e )  or be e q u a l  t o  (j n e g a t i v e )  t h e  e f f e c t  of 
g r a v i t y .  In  a r e g i o n  where j is  p o s i t i v e ,  i .e .  between t h e  
@ 
l a t i t u d i n a l  peaks of the anomaly and the e q u a t o r ,  one w i l l  measure 
a v e r t i c a l  s l o p e  l e a d i n g  t o  a scale h e i g h t  l a r g e r  than the trge 
scale he igh t .  Thus,  t h e  measured t empera tu res  w i l l  be  l a r g e r  
t h a n  t h e  t r u e  t empera tu res .  A t  m i d l a t i t u d e s  ( h i g h e r  t h a n  t h e  
p o s i t i o n  of  the l a t i t u d i n a l  peaks) or a t  he igh t s  above t h e  anomaly 
where w e  obse rve  a s t e a d y  decay of d e n s i t y  w i t h  l a t i t u d e ,  
n e g a t i v e  and one w i l l  measure e f f e c t i v e  scale h e i g h t s  l e a d i n g  
t o  deduced t e m p e r a t u r e s  smaller than  the t r u e  t empera tu res .  
@ 
s l o p e s  of -- aN and n e g l e c t i n g  0 dependence of 7 .  
such  c a l c u l a t i o n s  provide  r e s u l t s  i n  t h e  cm/sec o r d e r  of magnitude 
r ange  f u r t h e r  demonst ra t ing  t h a t  j is no t  a n  i n s i g n i f i c a n t  
q u a n t i t y .  In  t h e  nex t  s ec t ion ,  w e  w i l l  show how it is  p o s s i b l e  
to s e p a r a t e  o u t  t h e  c o n t r i b u t i o n  of j t o  t h e  v e r t i c a l  s l o p e ,  
p rov ided  in fo rma t ion  i s  a v a i l a b l e  concern ing  
and j ,  bu t  o n l y  by j r 
-. (see (23), (24),  and (25)) .  Hence, s t u d i e s  which n e g l e c t  
From ( 2 3 ) ,  ( 2 4 ) ,  and (29) w e  no te  t h a t  t h e  v e r t i c a l  d i s t r i -  
@ 
4 4  
@ @ 
is  J@ 
The magnitude of j can be ob ta ined  by measuring h o r i z o n t a l  
Using (24) N a e  
-@ 
* .  
1 a N  1 a T  @ x 277 and T 33’ 
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t h e r e b y  a l lowing  u s  t o  correct v e r t i c a l  s l o p e  measurements f o r  
t h e  e f f e c t s  of j 
t empera tu res .  
THE PROPERTIES OF j 
and t h u s  o b t a i n  t r u e  s ca l e  h e i g h t s  and @ 
@ 
A t  t h i s  s t a g e  of development ,  no mention h a s  been made of 
t h e  p r o p e r t i e s  of j which must e x i s t  i f  (23) and (24)  are  t o  
be s a t i s f i e d  c o n s i s t e n t l y .  We s h a l l  f i n d  t h a t  j is n o t  
comple te ly  a r b i t r a r y ,  b u t  i n s t e a d  p o s s e s s e s  p r o p e r t i e s  ex t remely  
u s e f u l  i n  s e p a r a t i n g  t h e  t r u e  scale  h e i g h t  from t h e  measured 
v e r t i c a l  s l o p e ,  t h e r e b y  a l l o w i n g  u s  t o  o b t a i n  more a c c u r a t e  
d e t e r m i n a t i o n s  of t h e  e l e c t r o n  t empera tu re  i n  t h e  t o p s i d e  
ionosphe re .  
@ 
@ 
The c o n s i s t e n c y  requi rement  f o r  e q u a t i o n s  (23)  and (24) is 
e a s i l y  ob ta ined  by r e w r i t i n g  them as 
alnN7 = 'oMp s i n 0  . 1 
a r  E E J - 3 - J , - - ~  
Then, 
I n  t h e  e q u a t o r i a l  t o p s i d e ,  t h e  medium is  t o  a f i r s t  approxi -  
mat ion i s o t h e r m a l ,  and (33) becomes 
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where w e  have a lso r e s t r i c t e d  o u r s e l v e s  t o  a r e g i o n  of c o n s t a n t  
m so t h a t  i 
a H  - L O  a e  
Equat ion  (34) r e p r e s e n t s  t h e  c o n s t r a i n t  e q u a t i o n  on j I t  
can be s o l v e d  by s e p a r a t i o n  of v a r i a b l e s  y i e l d i n g  
where 1 is  t h e  s e p a r a t i o n  cons t an t  and G ( A )  is an  a rb i t ra ry  
f u n c t i o n .  In  o r d e r  t o  gua ran tee  j f i n i t e  as  r + a, (36) 




B = A-3 
3 ,.+ -2u w e  have 
j@ = s i n  t I Y (9) e dp '0 
J@ Thus, s i n c e  t h e  i n t e g r a l  i n  (40) is a Laplace t r a n s f o r m ,  
is a rather a r b i t r a r y  f u n c t i o n  of u depending on Y ( 8 ) .  
Let  u s  now c o n s i d e r  l i n e s  of c o n s t a n t  u ,  which are c l e a r l y  
t h e  d i p o l e  f i e l d  l i n e s  s p e c i f i e d  by (18) .  S ince  u is c o n s t a n t  
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a l o n g  t h e s e  p a t h s ,  w e  can  immediately conclude  t h a t  
= C s i n  3 8 = C(r / ro )  3/2 
JtJ 
@ 
a t  a l l  o t h e r  p o i n t s  on t h e  same f i e l d  l i n e  u s i n g  (41) 
a l o n g  a f i e l d  l i n e ,  where C is a c o n s t a n t .  By s p e c i f y i n g  j 
a t  some g iven  p o i n t  on a f i e l d  l i n e ,  w e  can  t h e n  o b t a i n  j and 
A8 
and ( 3 2 ) .  
@ 
The above d i s c u s s i o n  t h e n  p e r m i t s  t h e  f o l l o w i n g  g e n e r a l  
p rocedure .  If N and T are known f o r  a s i n g l e  c o n s t a n t  h e i g h t  
p r o f i l e ,  w e  can  calculate  j a l o n g  t h i s  p r o f i l e  from t h e  
l o g a r i t h m i c  s l o p e  o f  NT. Then j c a n  be e v a l u a t e d  i n  t h e  
e n t i r e  (r ,0)  p lane  u s i n g  ( 4 1 ) .  F i n a l l y ,  a t  any p o i n t  t h a t  a r  
i s  known from v e r t i c a l  measurements ,  w e  can  e v a l u a t e  t h e  t r u e  
s c a l e  h e i g h t  and t empera tu re  u s i n g  ( 3 1 ) .  N a t u r a l l y ,  great  care 
must be taken  i n  t h e  e v a l u a t i o n  o f  r e s u l t s  u s i n g  such  a t e c h n i q u e  
due t o  t h e  l a r g e  e r r o r s  which can r e s u l t  from i n a c c u r a t e  s l o p e  
d e t e r m i n a t i o n s .  Fur thermore ,  because  (41)  depends on t h e  
assumpt ion  of i s o t h e r m a l l i t y ,  t h i s  t e c h n i q u e  is r e s t r i c t e d  t o  
r e g i o n s  where l o g a r i t h m i c  g r a d i e n t s  of  N are much l a r g e r  t h a n  
t h o s e  of  T .  
@ 
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F i n a l l y ,  (32) and (41)  i n d i c a t e  t h e  p h y s i c a l  e f f e c t  o c c u r r i n g  
a t  t h e  f i e l d  l i n e  a long  which t h e  a n g u l a r  peaks  l i e ,  v i z .  t h a t  
a l o n g  t h i s  f i e l d  l i n e ,  
p o s i t i v e  and hence w e s t  t o  e a s t ;  above t h i s  l a t i t u d e ,  
n e g a t i v e  and hence east  t o  w e s t  i n  d i r e c t i o n .  





SOME FURTHER PROPERTIES OF THE GEOMAGNETIC ANOMALY 
B3t.caus-e t h e  anomaly c a n  be though t  of  a s  t h e  n a t u r a l  s teady  
s t a t c  d i s t r i b u t i o n  01 e l e c t r o n s  i n  t h e  v i c i n i t y  of  t h e  geomagnet ic  
e q u a t o r ,  i t  is p o s s i b l e  t o  e x p l a i n  a n o t h e r  of i t s  p r o p e r t i e s .  
F a r l e y  (1965) ,  u s i n g  i n c o h e r e n t  b a c k s c a t t e r  d a t a ,  h a s  obse rved  
t h a t  t h e  n i g h t t i m e  peak of t h e  F2 l a y e r  o f t e n  m a i n t a i n s  i t s e l f  
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a t  t h e  e q u a t o r u n t i l  local midnight a t  which t i m e  it beg ins  t o  drop  
i n t o  t h e  h i g h e r  loss  r e g i o n s .  S tud ie s  of foF2 by Ras tog i  (1959), 
Lyon and Thomas 
( i n  p rocess )  i n d i c a t e  t h a t  t h e  l a t i t u d i n a l  d i s t r i b u t i o n  ma in ta ins  
i t s e l f  t i l l  approximately t h e  same t i m e  p e r i o d ,  a t  which t i m e  t h e  
a n g u l a r  peaks begin  t o  decay. 
09631, Rao and Malthotra  Q964), and t h e  a u t h o r  
The t i m e  c o n s t a n t  of l o s s  appears  r e l a t i v e l y  long  due t o  
t h e  l e n g t h  of t i m e  b e f o r e  observable  decay b e g i n s  t o  t a k e  p l a c e .  
I t  t h e r e f o r e  appea r s  q u i t e  p l a u s i b l e  t o  t h i n k  of t h e  d e n s i t y  
d i s t r i b u t i o n  as  a very  s lowly vary ing  f u n c t i o n  i n  t i m e  always 
ex t remely  c l o s e  t o  s t eady  s t a t e .  Under t h i s  assumpt ion ,  t h e  
mechanism caus ing  t h e  l a y e r  drop  a t  t h e  e q u a t o r  becomes e v i d e n t ,  
The measurements of Thomas (1962) and t h e  theo ry  of Goldberg,  
Kendal l  and Schmerling (1964) and Goldberg (1965) i n d i c a t e  t h a t  
t h e  s t e a d y  s t a t e  v e r t i c a l  F2 peak be much h i g h e r  a t  t h e  e q u a t o r  
t h a n  a t  l a t i t u d e s  where t h e  l a t i t u d i n a l  foF2 peaks are observed .  
S ince  t h e  l a t i t u d i n a l  peaks of foF2 are i n  a h i g h e r  loss  
ra te  r e g i o n  t h a n  t h e  e q u a t o r i a l  minimum they  decay f a s t e r  and 
cause  t h e  s t e a d y  s t a t e  d i s t r i b u t i o n  t o  s lowly  r e a d j u s t  t o  
compensate f o r  t h e  f adeou t  of t h e s e  l a t i t u d i n a l  peaks .  Th i s  
r e q u i r e s  a lowering of t h e  F2 layer  a t  t h e  e q u a t o r ,  c . f  Goldberg,  
Kenda l l ,  and Schmerling (1964) and Goldberg (1965) .  Thus,  t h e  
d r o p  of t h e  l a y e r  a t  t h e  e q u a t o r  is no th ing  more t h a n  a s l o w l y  
v a r y i n g  readjustment, of t h e  e n t i r e  F r e g i o n  d i s t r i b u t i o n ,  never  
d e v i a t i n g  much from t h e  steady s t a t e ,  t o  compensate f o r  t h e  
more r a p i d  i n i t i a l  decay of t h e  F2 l a y e r  a t  l a t i t u d e s  where t h e  
l a t i t u d i n a l  peaks i n  t h e  anomaly occur  t h a n  a t  t h e  e q u a t o r .  
N a t u r a l l y ,  as  t h e  e q u a t o r i a l  layer f i n a l l y  lowers t o  more r a p i d  
l o s s  rate h e i g h t s  e q u i v a l e n t  t o  t h e  h e i g h t  of t h e  l a y e r  a t  h ighe r  
l a t i t u d e s ,  w e  would expec t  a more r a p i d  decay a t  t h e  e q u a t o r ,  
and t h i s  is what F a r l e y  (1965) has observed .  
The geomagnetic anomaly is a l s o  known t o  p o s s e s s  asymmetric 
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p r o p e r t i e s  which are most exagge ra t ed  d u r i n g  months s f  s o l s t i c e  
(Croom, Robbins,  and Thomas, 1960; Lyon and Thomas, P963), 
During such a p e r i o d ,  t h e  a symmet ry  e x h i b i t s  i t s e l f  as  a h i g h e r  
d e n s i t y  peak i n  one hemisphere.  T h i s  behav io r  i s  accounted  f o r  
i n  (17)  by means o f  T ( r , 0 ) 9  which w i l l  c e r t a i n l y  e x h i b i t  asymmetric 
p r o p e r t i e s  when h e a t i n g  of one hemisphere i s  l a r g e r  t h a n  t h e  o t h e r .  
Although (17) does  n o t  e x p l a i n  o r  d e f i n e  t h e  b e h a v i o r  of T ( r , 0 ) ,  
it a l l o w s  u s  t o  calculate  it as a f u n c t i o n  of  8. I t  c a n  be shown 
t h a t  N ( r , e )  is f a r  more s e n s i t i v e  t o  f l u c , t u a t i o n s  of ~ ( r , 0 )  
e x h i b i t e d  i n  t h e  c o e f f i c i e n t  of t h e  e x p o n e n t i a l  
T h i s  a l l o w s  u s  t o  t h i n k  of N ( r , 8 )  a s  be ing  i n v e r s e l y  p r o p o r x i o n a l  
t o  T ( r , 0 )  t o  f i r s t  o r d e r .  It. is t h e n  a s imple  mat te r  t o  t a k e  a 
c o n s t a n t  h e i g h t  p r o f i l e  of  t h e  a s y m m e t r i c  anomaly and ca lcu la te  
t h e  t empera tu re  d i s t r i b u t i o n  necessa ry  t o  make t h e  d i s t r i b u t i o n  
d e v i a t e  from t h e  symmetric case. N a t u r a l l y ,  t h i s  r e q u i r e s  an  
approximation of t h e  d i s t r i b u t i o n  which would be p r e s e n t  d u r i n g  
e q u i n o c t i a l  symmetry, b u t  it does  n o t  seem unreasonab le  t o  
select  t h e  ave rage  of t h e  asymmetric v a l u e s  i n  t h e  two hemispheres  
as  a f i r s t  approximat ion .  
SUMMARY AND CONCLUSIONS 
l 
t h a n  i n  H7. 
W e  have sugges t ed  t h a t  t h e  geomagnet ic  anomaly is n o t h i n g  
more t h a n  t h e  n a t u r a l  s t e a d y  s t a t e  d i s t r i b u t i o n  of e l e c t r o n s  under  
t h e  i n f l u e n c e  of  p r o d u c t i o n - l o s s  effects  i n  t h e  e a r t h ' s  magnet ic  
and g r a v i t a t i o n a l  f i e l d s  and i n  a n e a r l y  c o l l i s i o n  f r e e  (charged-  
n e u t r a l  p a r t i c l e  t y p e )  medium. F u r t h e r m c r e ,  p r o p e r t i e s  of b o t h  
t h e  v e r t i c a l  and l a t i t u d i n a l  d i s t r i b u t i o n  s a t i s f y  t h i s  e x p l a n a t i o n .  
Experimental  ev idence  h a s  been c i t e d  to j u s t i f y  t h e s e  c o n c l u s i o n s .  
From t h i s  a n a l y s i s ,  w e  have a l s o  been a b l e  t o  o f f e r  p l a u s i b l e  
e x p l a n a t i o n s  f o r  t h e  a s y m m e t r i c  p r o p e r t i e s  obse rved  d u r i n g  s o l s t i c e  
and t h e  n igh t t ime  b e h a v i o r  of  t h e  F2 l a y e r  observed  a t  t h e  e q u a t o r .  
W e  have a l s o  s u g g e s t e d  a method f o r  e v a l u a t i n g  l a t i t u d i n a l  t e m p e r a t u r e  
v a r i a t i o n s .  
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The above a n a l y s i s  has been ob ta ined  by s t u d y i n g  t h e  
momentum t r a n s p o r t  e q u a t i o n s  as a p p l i e d  t o  t h e  e q u a t o r i a l  
ionosphere i n  g r e a t e r  d e t a i l  t h a n  any t i m e  p r e v i o u s l y .  Th i s  
h a s  lead t o  in fo rma t ion  concerning t h e  c u r r e n t  d e n s i t y  s y s t e m  
which must e x i s t  t o  main ta in  bo th  t h e  observed  v e r t i c a l  and 
l a t i t u d i n a l  e l e c t r o n  d e n s i t y  d i s t r i b u t i o n .  The a n a l y s i s  has 
d i s p l a y e d  t h e  c h a r a c t e r  of magnetic i n f l u e n c e  on t h e  d e n s i t y  
d i s t r i b u t i o n ,  by proving  t h a t  t h e  ( r ,0 )  p lane  d e n s i t y  
d i s t r i b u t i o n  is q u i t e  independent of c u r r e n t s  i n  t h e  ( r , 9 )  p l ane  
b u t  depends on ly  on l o n g i t u d i n a l  c u r r e n t s .  
The s tudy  of j has  a l so  shown t h a t  any r eg ion  posses s ing  
a l a t i t u d i n a l  gradient .  i n  d e n s i t y  must s imul t aneous ly  have its 
v e r t i c a l  d i s t r i b u t i o n  d i s t o r t e d  from t h e  pure  d i f f u s i v e  e q u i l i b r i u m  
t y p e  shape .  Th i s  cou ld  lead t o  r a t h e r  l a r g e  errors i n  t empera tu res  
o b t a i n e d  u s i n g  v e r t i c a l  s l o p e  techniques  i n  t h e  t o p s i d e  F r e g i o n .  
However, it is  p o s s i b l e  t o  estimate t h e  e r r o r s  i nvo lved ,  and a 
method t o  e v a l u a t e  such errors has been sugges t ed .  
@ 
The f a c t  t h a t  t h e  e l e c t r o n  d e n s i t y  d i s t r i b u t i o n  i n  t h e  ( r , e )  
p lane  is i n f l u e n c e d  d i r e c t l y  by v a r i a t i o n s  i n  t h e  l o n g i t u d i n a l  
component of c u r r e n t  l e n d s  itself n i c e l y  t o  t h e  p o s s i b i l i t y  of 
e x p l a i n i n g  more l o c a l  t ype  phenomena (such as Spread F ) .  T h i s  
cou ld  be achieved  by s tudy  of v a r i o u s  mechanisms capab le  of 
c a u s i n g  p e r t u r b a t i o n s  i n  t h e  l o n g i t u d i n a l  c u r r e n t  system t h e r e b y  
a l t e r i n g  N ( r ,  0 )  . 
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